First of all, we shall consider nearest-neighbor hopping around an N-site closed loop. The rate equation for population at the n-th site fn (7) is given by
Since the earIier treatment by Einstein, the theory of Brownian motion has been generalized and extended by Smoluchowski.
Additional important contributions have been made by many 0the~s.l'~ Random walk processes for an unpaired electron can be studied by EPR (electron spin resonance) using line shape analysis. For example, magnetic resonance has been used to investigate exchange narrowing in (CHJNMnCI, (TMMC) which exhibits special long-time spincorrelations as evidence for the one-dimensional exchange for such an antiferromagnetic ~y s t e m .~ More recently, the ESR line shape study of transpolyacetylene has also provided evidence for soliton diffusion along a one- First of all, we shall consider nearest-neighbor hopping around an N-site closed loop. The rate equation for population at the n-th site fn (7) is given by
where W is the hopping rate. Using the cyclic condition that fn+N = fn and assuming a particle initially located at the m-th site, the probability of finding the particle at the n-th site fn(T) can be obtained in a closed form
The auto-correlation function gN(T), the probability of finding a particle at the rn-th site at time r, is given by
As illustrated in fig. 1 , gN(7-) generally displays an initial sharp decay and approaches 1/N at a later time with a long tail especially if N is sufficiently large.
For an infinite chain, one can show from eq. that (3) g,(T) = l&?W~)exp(-2W~),
where I , is the modified Bessel function of the second kind. For a large WT, g,(T)
c: 1/(47rW~)'~. This long time limit agrees with the well-known result of the onedimensional diffusion equation in a continuum. However, the often used form"* of gos (7) by 1 / ( 1 + 4~W r ) " at a shorter time deviates from the &,(2W~)exp(-2W~) derived here.
As the unpaired electron hops around the closed loop, it experiences a fluctuating hyperfine field resulting from a different nuclear spin configuration at each site. According to K U~O "~'~, the corresponding ESR spectral function for such a system can be calculated from the Fourier transform of the following response function in time S,(t), and where Aa2, defined as < E, I,(I,+l)a,2/3>, is the mean squares of the nuclear hyperfine couplings. In fig. 2 , the response function S,,(t) is illustrated for various hopping rates W. The corresponding spectral functions, Fourier transform of S2,(t), for both the slow and fast hopping limits are Gaussian with a second moment given by Aa2 and Aa2/24, respectively. For a general N, it can be shown from eq. or its spectral function is generally non-Gaussian. In fig. 3 , the semi-logarithmic plot of S&) versus t2 is shown. 
The boundary effects at n = 0 and N-1 can be circumvented using the following Because S,.,(t) depends on the initial site n, to calculate an overall SJt) an esernble average has to be taken for all possible sites. The individual response function S&)
for a six-site.open chain is illustrated in fig. 4 . The narrowing of S,,(t) for n = 0, or 5 as compared to n = 2 or 3 indicates a larger spectral moment for its corresponding ESR line shape if the initial site is closer to the end of a chain.
In 
